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Plants having modified growth ctiaracteristics and method for 

making the same 

Field of the invention 

The present Invention concerns a metfiod fbr modfiying plant growth (^aracteristics. More 
5 spetiflcaily. the present invention concerns a method for nracfifying plant growth diaisOaristics 
by modulating expression of a nucleic add sequence encoding a metaliothlonein and/or 
activity of a metaUothionein in a plant The present Invention also concerns plants having 
modulated expression of a nucleic acid sequence encoding a metallothionein and/or 
modulated activity of a metallothionein, which plants have modified growth chara^itetics 
1 0 relative to corresponding wild type plants. 

Baclcground of the invention 

Some heavy metals, parUeutarly copper and zinc, are essentia] micronutrtents that play a role 
tn a rar^e of plant physiological processes via the action of Cu- and ^-dependent ^^zymes. 

15 These and other nonessential heavy metal tens, such as cadmium, lead, and mensuiy, are 
highly reactive and consequently can be lojdc to living cells. Thus plants, lite all Bvir^ 
organisms, have evolved a suite of mertianisms that control and respond to the uptake and 
accumulation of both essential and nonessential heavy metals. These mechanisms include the 
chelation and sequestnatien of heavy metals by particular ligands. The two best-characterteed 

20 heavy metal-binding Rgands In plant cells are the phytochelabns (PCs) and metaliothioneins 
(MTs). MTs are (^steine^ polypeptides encoded by a family of genes. In contrast. PCs are 
a femtly of enaymatically synthestzed cystebie^ch peptides. 

Metatiothlonelns. products of mi?NA translation, are low molecular weight, cystein&-rich, metal- 
25 binding proteins. IWT proteins and genes are found throughout the animal and plant kingdoms 
as well as in the prolcaryote Synechococcus. The large number of cysteine residues in MTs 
bind a variety of metals by mercaptide bonds. MTs typically contain two metal-blndlng, 
cysteihe-rfch domains that give these metalloproteihs a dumbbell confbnnatlon. The data 
available today tends to support a role fbr MTs In copper tolerance (as PCs protect against 
30 cadmium). 

The dassfflcatlon of MT prote'ms is based on the anrangement of Cys residues. Cobbett and 
Goldsbrough (Annu Rev Plant Biol. 53 169-82, 2002) discriminate fbur classes: ivpe 1 to Type 
4. Type 2 IWTs contain two cysteine rich domains separated by a spacer of approximately 40 
35 amino acids, with the first pair of cysteines present as a Cy^Cys moUf tn amino add positions 
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3 and 4. In addition, the sequences of the N-tenninal domain of Type 2 MTs 
(MSCCGGNCGCS-) are highly conserved. 

Af^bidopsis. rice and sugarcane contain genes encoding all four types of MTs. General 
observations can be made about the expression pattern of these genes. Type 4 MTs are 
5 restricted to developing seeds. Type 1 WTT expression tends to be higher in roots than shoots, 
whereas generally the reverse is observed for Type 2 MTs.. Type 3 MTs ere expressed in 
fleshy fhills or In leaves of non^eshy ftult producing plants (Tike Ambldopsis). Various 
environmental factors Influwice the ^resslon of th^ genes. 

Transgenics plants expressing GUS under the control of the AtWTTZa promoter have been 
10 prwluced. In young plants, staining was found only In cotyledons and lateral root tips. GUS 
activity In older plants was seen at the base of trichomes, in hydathodes. sepals, anthers, 
stigma, root tips, and vascular tissues at branch points of lateral roots. As leaves aged, GUS 
staining incresised. 

15 Transgenic plants expressing IVITs have been produced serving two purposes: 

1) Phytoremediation of heavy metal contaminated soils: transgenic tobacco and Brassiaa 
plants, englnaeied to overexpress MTs. moderately resist the toxlealy of heavy metals like 
cadmium (Suh ef a/.. Mol Cells. 8 (6) 678 - 684. 1998). 

2) Nutritional quality Improvement, when co-expressed in rice with phytase and fenritin, to 
20 Improve iron diet In humans. The metallothionein-IikB protein, rich In cysteine, (a suKUr-rlch 

amino add) helps in iron absorption by the human digestive system (Potrykus I (2002) 
Nutritional Improvement of lice to reduce malnutrition in developing counMas. In "Plant 
Biotechnology 2002 and Beyond" I.K. (ed.) pp 401-406). 

25 Given the ever-increasing worid population, it remains a major goal of agricultural research to 
Improve the effldency of agriculture and to increase the dh/ersfty of plants In hortteulture. 
Conventional means for crop and horticuftural Improvements utilise selective breeding 
techniques to identify plants having desirable characteristics. However, such selecOve 
breeding technfc|ues have several drawbacks, namely that these techniques are typically 

30 labour intensive and result in plants that often contain heterogeneous genetic complements 
that may not always result in the desirable trait being passed on from parent plants. Advances 
in molecular blotogy have allowed msnkind to mardpulate the gennplasm of animals and 
plants. Genelk: engineering of plants entails the isolation and manipulation of genetic material 
(typically In the ftirm of DMA or RNA) and the subsequent introductfon of that genetic material 

35 into a plant Sudn technology has led to the development of plants having various improved 
economic, agronomic or horticultural traits. A trait of particular economic Interest Is high yield. 
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Deteiied description 

TTierefore according to a first embodimerrt of the present Invention there is provided a method 
for modrfyJng the growth charactsrfetScs of a plant, comprisfng modulating expression In a plant 
5 of a nucleic add sequence encoding a metallothlonein and/or modulating activity In a plant of a 
metaliotftlonein. 
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Modulating (enhanong or decreasing) expression of a nudeio add sequence encoding a 
matallothionein or modulation of the actrvily of the metailothionein ilseir encompasses altered 
expression of a gene and/or altered levels of a gene product, namely a polypeptide, in specHIc 
cells ortrasues. 

Advantageously, modulation of expression of a nucleic add sequence encoding a 
metanothlonein and/or modulation of activity of the metallothlonein Itself may be effected by 
dienrical means, l.e. by exogenous application of one or more compounds or elements 
capable of modulating acbvity of the metallothlonaln and/or capable of modulating expression 
of a metailothionein gene (whidi may be either an endogenous gene or a tiansgene 
Introduced Into a plant). The exogenous application may comprise contacting or administering 
cells, tissues, organs or organisms with the gene product or a homologue. derivativa or active 
fragment thereof and/or to antibodies to the gene product. Such antibodies may comprise 
"lolantibodies". single chain antibodies. fgG antibodies and heavy dialn camel antibodies as ■ 
well as fragments thereof. Modulation of expression of a nucleic acid sequence encoding a 
metailothionein and/or modulation of adhrfty of the metallothlonein ilself may also be effected 
as a result of decreased levels of iadoiB that directly or Indirectly activate or inactivate a 
metailothionein. Addillonally or alternatively, contacting or administering cells, tissues, organs 
or onganisms with an mterading protein or to an inhibitor or adivator of the gene product 
provides another exogenous means for modulation of expression of a nudete add sequence 
enoodmg a metallothlonein and/or for modulation of adivlty of the metaDofhroneln itseff. 

Therefore, acoordl.^ to one aspect of the present invention, there ife pnjvided a method for 
modHymg the growth charadeiistfce of a plant, comprising exogenous application of one or 
more compounds or elements capable of modutetjng expression of a metallothlonein gene 
and/orcapable of modulating activity of a metailothionein. 

Additionally or alternatively, and according to a prefened embodiment of the present Invention 
modulatfon of expression of a nucleic add sequence encoding a metaliothlonaln and/oi 
modulation of activity of the metailothionein Itself may be effected by recombinant means 
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such recombinant means may comprise a dimct and/or indl,^ approach for modulation of 
expression of a nucleic acid sequence and/orfbr modulation of the activity of a protein. 

For example, an Indirect approach may comprise Introducing, into a plant, a nucleic acfd 
sequence capable of modulating activity of the protein in question (a metallothionein) and/or 
expression of the gene in question (a gene encoding a metallothionein). The metallothionein 
gene or the metallothionein protein may be wild type. i-e. the native or endogenous nudeK: 
add or polypeptide. Alternatively, it may be a nucleic add derived from the same or another 
species, whid. gene Is Introduced as a transgena. for example by transformation. This 
transgene may be substantially modified from its native fom. in composition and/or genomic 
em^ironment through deliberate human manipulation. Also encompassed by an indirect 
approach for modulating activity of a metaUothloneih and/or expression of a meteflothionein 
gene is the inhibition or stimula«on of regulatory sequences that drive expression of the nabve 
gene or transgene. Such regulatoiy sequences may be introduced Into a plant 

A direct and prefened approach on the other hand comprises Introdudng into a plant a nudeic 
add sequence encoding a metaHothionein or a homologue. derivative or active fragment 
thereof. The nudeic add sequence may be Introduced into a plant by. fbr example, 
transfomiation. The nudeic add sequence may be derived (either diredly or indirectly (if 
20 subsequently modified)) fTom any source provided that the sequence, when expressed in a 
plant, leads to modulated expression of a metallothionein nudeic add/gene or modulated 
acfivity of a metallothionein. The nudeic add sequence may be Isolated from a microbial 
source, sudi as bacteria, yeaat or fUngi, or firom a plant, algal or animal (induding human) 
source! This nudeic add may be substantially modified from its native fomi in composition 
25 and/or genomlo environment through deliberate human manipulation. The nucleic add 
sequence is preferably a homologous nudeic add sequence, la. a nucleic add sequence 
obtained from a plant, whether from the same plant species or different "me nudeic add 
sequence is isolated from a dicotyledonous spades, preferably from the family Brasslcaceae. 
further preferably from Arabktopsls thallana. More preferably, the nudeic add is as 
30 represented by SEQ ID NO: 1 or a portion thereof or a nudeic add sequence capable Of 
hybridising therewith or Is a nudeic add sequenoe encoding an amino add sequence 
represented by SEQ ID NO: 2 or a homologue, derivative or acBva fragment thereof. 

The lenn metallothionein nucleic add sequence/gene, as defined herein, refers to a nudeic 
35 acid sequence as represented by SEQ ID NO: 1 or a portion thereof or to nudele add 
sequences capable of hybridising therewith, whidi hybridising sequences encode proteins 
having metallothionein activity, ue. simflar biological activity to that of SEQ ID NO: 1. and to 
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nucleic add sequences encoding an amino add sequence represented by SEQ id NO: 2 or a 
homologue, derivatTve or active fragment thereof. The protein encoded by SEQ ID NO 2 
belongs to the group of Type 2 metaOothioneins (Cobbett and Goldsbnjugh. Annu Rev Plant 
Bfoi, 53 159-82, 2002). 
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Advantageousiy, the method according to the present invention may also be practised using 
porflons Of a sequence represented by SEQ ID NO: 1 or by using sequences that hybridise 
(preferably under stringent conditions) to SEQ ID NO: 1 (whidi hybridising sequences encode 
proteins having AtlWT2a activity), or by using homologues, derivatives or active fragments of a 
sequence according to SEQ ID NO: 2. Suitable homologues of SEQ ID NO 2 include prx>teins 
fiTOm AmbUopsls thallana as represented in accession nos SIVIIWUL or AAM62eS6 or pn>tein 
flrom Braaaksa sp. as represented in accession nos Q42494 or AAF70558. 

■Methods for the search and identHieetlon of metanothlonein homologues would be well within 
the realm of a person skilled In the art Methods for the alignment of sequences for 
companson are well known in the art. such methods indude GAP. B6STHT. BIAOT, FASTA 
and TFASTA. GAP uses the algorithm of Needleman and Wunsch (J. MoL Kd. 48- 443-IS3 
1970) to find the alignment of two comply sequences that maximises the number of matched 
and minimises the number of gaps. The BLAST algorithm calculates percent sequence 
Identity and peribmis a statisUcal analysis of the similarity between the two sequences IhB 
software for performing BLAST analysis is pubffdy available threugh the National Centre for 
Blotedinology Infomiation. The above-mentioned homologues were Identified using BLAST 
de^uft (Mirametere. 
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Homologues of e metaltothlonein protein encompass peptides, oligopeptides, polypeptides 
proteins and enzymes having amino add substitutions, deleiions and/or insertions relative to 
the unmodified protein in question and having similar biological and functional activity as the 
unmodified protein frem which they are derived. To preduce such homologues. amino acids of 

Trr.- T '^'^'^ """"^ ^"^'"^ ^'"^ ^^^'"9 ^"""^ P^P-rtf^^ ^ similar 
hydrophobidty. t^drophlllcily. antlgenldty. prepensity to fom, or break a-helical structures or B- 

sheet stnictures). Conservative substitution tables are well known in the art (see for example 
TIT. ^'T r^'"'- "-"^^aues useful in the 

tTs ' ^ * '^^ "^"^ ^^-^ (foncoonal 

ZTZTrT""^ '"""^'^^ * '"^ - to 

uITh » ' ' ^ ^^'^ ^^''"""^ ^ ^^-^ to an 

unmodified protein. Typically, the homdogues have at least 80% sequence identity or similarity 

to an unmodified preteln. preferably at least 8594 sequence identity or dmilarity. further 
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preferably at least 90% sequence identity or similarity to an unmodified P^J^ 
prBferai^iy at least 95% sequence Identity or similarity to an unmodified protein. Pre^ 
CologL ir^olude the proteins represented by accession numbers X62818.(SEQ ID NO 3) 
and SMMUL (SEQ ID NO 4). 

Two special fbmie of homology, orthologoue and paraiogous. are evoiutionary concepts used 
to describe ancestral r^onshlps of genes. The tem, -par^iogous" relates to gene- 
duplicaUons within the genome of a species leading to paralogous genes. The temi 
•orthologous" relates to homologous genes in different organisms due to ancestral relationship. 
The temi -homotogues" as used herein also encompasses paralogues and orthologues of the 
proteins useful in the methods according to the Invention. 

-substitutional variants" of a pwtein are those in which at least one residue In an amino add 
sequence has been removed and a different residue inserted in Rs place. Amino add 
substitutions are typically of single resWues. but may be dustered depending upon functional 
constraints placed upon the polypeptide; insertions will usually be of the order of about 1-10 
amino add r^idues. and deletions will range from about 1-20 residues. Preierably. amino 
add sutJsHtutlons comprise oonsenratlve amino add substitutions. 

•insertional variants' of a protein are those in which one or more amino add residues are 
introduced into a predetemilned site in a protein. Insertions can comprise amlno-lenninal 
and/or carboxy-tennlnal fusions as well as Inlre^equenoe Insertions of single or milffiple ammo 
adds. Generally, inserlions within the amino add sequence will be smaller than amino- or 
oarboxy-termlnal fusions, of the order of about 1 to 10 residues. Examples of amino- or 
carboxy-temilnal fUston proteins or peptides include the binding domain or activation domain of 
a transcriptionai activator as used in the yeast two-hybrid system, phage coat proteins, 
(hls«dine>6^g. glutathione S-transfterasfr^eg. protein A, maltoae-blndtng protein, dihydrofolate 
reductase. Tag-lOO epitope, c^yc epitope. FlAG^-epltope. lacZ, CMP (oalmodulhvWndIng 
pepUde). HA epitope, protein C epitope and VSV epitope. 

-Deletion variants- of a pr^in are characterised by the removal of one or more amino adds 
ftom the protein. Amino add variants of a protein may readily be made using peptide synthetic 
tedmiques well known in the art. such as soUd phase peptide synthesis and the like, or by 
rBComblnant DNA manipulations. Methods for the manipulation of DNA sequences to produce 
substitution, insertion or deletion variants of a protein are well known in the art. For example, 
techniques for making substitution mutations at predetemnined sites In DIMA are well known to 
those skilled in the art and include M13 mutagenesis. T7-Gen in vitro mulageneaia (USB, 
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Cleveland, OH), QuicicChange Site DIrsctecl mutagenesis {Stratagene, San Diego, CA), PCR- 
mediated sife-dliected mutagenesis or other sfte<iirected mutagenesis prcitoools. 

The term "denvafives" refers to peptides, oligopeptides, polypeptides, proteins and er^m^ 
5 which may comprise substitutions, deletions or addWons of naturally and non*naturaHy 
occurring amino accd residues compared to the amino acid sequence of a naturally-occumng 
fbmn of the protein, for example, as presented In SEQ ID NO: 2. "Derivatives'' of a 
metailothlonein encompass peptides, oligopeptides, potypeptfctes, proteins and enzymes which 
may comprise naturally occuiring altered, giycosylated, acyiated or non-naturally occurring 

10 amino add residues compared to tiie amino add sequence of a naturaliy-ocairring form of the 
po^peplide. A derivative may also comprise one or more non-amino add substftuents 
compared to the amino add sequenoe from which it is derWed, for example a reporter 
molecule or other ligand, oovalentiy or non-covatenUy bound to the amino acid sequence such 
as, for example, a reporter molecule which is bound to facilitate its detection, and non-naturally 

15 occurring amino add residues relative to the amino add sequence of a naturally-occurring 
protein. 

"Active fragmentsi^ of a metallothionein encompasses at least five contiguous amino add 
residues of a protein, which residues retain similar biotoglcal and/or flincfionai activity to the 
20 naturally occurring protein. 

Advantageously, the method according to the present invention may also be practised using 
portions of a DNA or nudeic add sequence, which porbons retain metailothlonein activity, i,e. a 
similar biological function to that of SEQ ID NO: 2. Portions of a DNA sequence refer to a 
25 piece of DNA derived or prepared from an original (larger} DNA molecule, which DNA portion, 
when expressed in a plant, gives rise to plants having modified growth characteristics. The 
portion may comprise many genes, with or vothout additional control dements, or may contain 
just spacer sequences eta 

30 The presertt invention also encompasses nudeic add sequences capable of hybridising with a 
nudeic add sequence encoding a metailothlonein, which nudeic add sequences may also be 
useful in practising the methods according to the mvention. The term '^hybridisation'* as 
defined herein is a process wherein substantially homologous complementary nudeotide 
sequences anneal to each other. The hybridisation process can occur entirely in solution, {.e. 

36 both complementary nud^o adds are in solution. Tools tn molecular biology relying on sud) a 
process include the polymerase chain reaction (PCR; and all methods based thereon), 
subtractive hybridisation, random primer extension, nuclease 81 mapping, primer extension, 
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reverse transcription, cDNA synthesis, diffi&rential display of RNAs, and DMA sequence 
determination. The hybridisation process can atso occur with one of the complementary 
nudeic acids (mmobrlfsed to a matrix sudi as magnetic beads, Sepharose beads or any other 
resin. Tools in molecular btology relying on such a process Include the isolation of poly (A-^) 
S mRNA. The hybridisation process can furthemiore occur with one of tiie complementary 
nudeic adds Immobifised to a solid support such as a nftro-ceJIuIose or nylon membrane or 
immobilised by e.g. photolithography to, for example, a sUlceous glass support <the latter 
known as nucleic acid arrays or micioarrays or as nucleic add chips). Tools in molecular 
biology relying on such a process include RNA and DIMA gel tHot analyats, colony hybridisafion. 

10 plaque hybridisation, In situ hybridisation and microanray hybridisation. In order to allow 
hybridieation to occur, the nucleic acid molecules are generally fhenmally or chemically 
denatured to melt a double strand into two single strands and/or to remove hairpins or other 
secondary structures from single stranded nudeic adds. The stringency of hybridisation is 
influenced by condftions such as temperature, salt concentration and hybridisation buffer 

15 composition. High sblngency conditions for hybridisation indude high temperature and/or low 
salt concentration (salts Indude NaCI and Naa-citrate) and/or the inclusion of formamide In the 
hybridisation buffer and/or lowering the concen^tion of compouncte such as SDS (sodium 
dodeqrl sulphate) in the hybridisation buffer and/or exclusion of compounds such as dextran 
sulphate or polyethylene glycol (promoting molecular crowding) from the hybridisation buffer. 

20 Conventional hybridisation conditions are described in, for example. Sambrook (2001) 
Moiecuiar Cloning: a laboratory manual, 3rd Edition Cold Spring Harbor Laboratory Press, 
CSH, New York, but the skilled man will appreciate that numerous different hybridisation 
conditions can be designed in function of the known or the expected homology and/or length of 
the nudeic acid sequence. SpecificaKy hybridising refers to hybridising under stringent 

25 conditions, i.e. at a temperature of GO'C fallowed Isy washes in 2XSSC, 0.1XSDS, and IX 
SSC, 0.1X SOS. Sufiiciently low stringency hybridisaBon conditions are particulariy preferred 
for the isolation of nucleic acids homologous to the ONA sequences of the invention defined 
supra. Elements contributing to homolc^y Indude allelism, degeneration of the genetic code 
and diffierences in preferred codon usage, 

30 

The methods according to the present Invention may also be practised using an alternative 
splice variant of a nucleic add sequence encoding a metallothlonein protein. The tenn 
"aitemaflve splice variant" as used herein encompasses variants of a nucleic acid sequence in 
which selected introns and/or axons have been ^daed, replaced or added. Such variants will 
35 be ones in which the biological activity of the protein rsmeina unaffected, whiCh can be 
adiieved by selectively retaining functional segments of the protein. Sudi splice variants may 
be found in nature or can be manmade. Methods for making such splice variants are well 
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known In tha ait Therefore according to another aspect of the present invention, there Is 
pnjvWed. a method for modi&ins the growth charactertstics of plants, comprising modulating 
expression in a plant of an aftemative splice variant of a nucleic acid sequence encoding a 
metallothlonein protein and/or modulating acthriiy of a metaHotWonein protein encoded by 
5 the alternative splice variant PrefteraWy. the sprK» variant Is a splice variant of the sequence 
represented fay SEQ ID NO: 1 or SEQ ID NO: 3. 

Advantageously, the methods according to the present invention may also be pracbsed using 
allelic variants of a nucleic add sequence encoding a metaaothlonein protein, preferably an 
allelic variant of a sequence represented by SEQ ID NO: 1 or SEQ ID NO: 3. Allelic variants 
exist In nature and encompassed within the methods of the present Invention is the use of 
these natural alleles. TTie use of these allelic variants In particular conventional breeding 
programmes, such as in mariner-assisted breeding is also encompassed by the present 
invention; this may be In addition to their use in the methods according to the present 
invention. Such breeding programmes sometimes require the introduction of allelic variations 
m the plants by mutagenic treatment of a plant. One suitable mutagenic method is EMS 
mutagenesis- Wentiffcatlon of allelic variants then takes place by. for example. PGR TTilsia 
followed by a selection step for selection of superior allelic variants of the sequence In question 
and which give rise to altered growth characteristics In a plant Selection Is typically earned 
out by monitoring growth perfbmtanca of plants containing different allelic variants of the 
sequence in question, for example, dlflerent allelic variants of SEQ ID NO- 1 Monitoring 
growth pertbm«nce can be done in a greenhouse or In tha field. Further optional steps 
include crossing plants, in which the superior allelic variant was IdenBfled. with another plant 
This could be used, for example, to make a combination of Interesting phenotypio features.' 
Allelic vanants also encompass Single Nucleotide Polymorphisms (SNPs), as well as Small 
lr«ertlon/Deletlon Polymorphisms (INDELs). The si2e of INDELs Is usually less than 100 bp 
SNPs and INDEI.S torn, the largest set of sequence variants In naturally occuning polymorphic 
strains of most organisms. ymorpnic 
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According to another aspect of the present Invention, advantage may be taken of the 

nietallothronem In breeding progremmes. The nucleic add sequence may be on a 
chrom««ome. or a part thereof, comprising at least the nucleic add sequence encoding the 
metaBothionem and preferably also one or more related family „,embere. In an exam,Se of 
audi a breeding programme, a DNA maricer is identified which may be genetically linked to a 
9ane capable Of modulating expression of a nucleic add encoding a metallothlonein m a plant, 
whldi gene may be a gene encoding the metallothionein itself or any other gene which may 
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dliBcay or indlrecay lonuence expression of the gene encoding a metallothionein andA,r activity 
of the metallothionein itself. This DNA marker may ther» used in breeding programe to seiect 
plants having altered growth ^rarteristtes. 

5 -me methods according to the present invention may also be practised by iirtrodudng into a 
plant at least a part of a (natural or artificial) chwmosome (such as a Bacterial Artifidai 
Chromosome (BAC)). which chnimosome contains st least a gene/nudeic acid sequence 
encoding a metallothionein (such as SEQ ID NO: 1 or SEQ ID NO: 3). preferably together wrth 
one or more related gene family members. Therefore, according to a further aspect the 

10 pt^ent Invention, there te provided a method for modiiying the grovrth diaracteiistlcs of plante 
by introdudng into a plant at least a part of a chromosome comprising at least a geneftiudeic 
add encoding a metallothionein. 

According to one aspect of the present invention, enhanced or increased expression of a 
nudeic add ie envisaged. MSlhods far otrtalnlng enhanced or increased expression of genes 
or gene ptoduois are well documented in the art and indude. fOr example. overexpress.on 
driven by a strong promoter, the use of transcription enhancers or translation enhancers. 
Preferably the nucleic add to be overexpressed encodes a metaHothionein, further preferably 
the nudeic add sequence encoding the metallothionein is isolated ftom a dicotyledonous 
plant preferably of the famfly Brasslcaoeae. further preferably wherein the sequence is 
isolated from Ambidopste ftaffana. moat preferably the nudeio add sequence is as 
represented by SKI ID NO: 1 or a portion thereof, or encodes an amino add sequence as 
represented by SEQ ID NO: 2 or a homologue. derivative or acHve fragment thereof. 
AltemaBvely. the nudeic add sequence encoding the metallothionein is as represented by 
SEQ ID NO: 3 or is a portion thereof, or encodes an amino add sequence as represented by 
SEQ ID NO: 4 or encodes a homologue. derivative or active fragment thereof. It should be 
noted that the applicability of the invention is not fimited to use of the nudeio add represented 
by SEQ ID NO: 1 nor to the nudeio add sequence encoding the amino add sequence of SKJ 
ID NO: 2, but that other nudeic add sequences encoding homologues. derivatives or active 
fragments of SEQ ID NO: 2. or portions of SEQ ID NO: i, or sequences hybridising With SEQ 
ID NO: 1 may be used In the m^ods of the present Invenflon. 

According to another aspect of the present Invention, decreased expression of a nudeic add 
sequence is envisaged. Modulating gene expression (whether by a direct or indirect approach) 
35 encompasses altered transcript levels of a gene. Altered transcript levels can be sufBdent to 
induce certain phenotypic effects, for example via the mechanism of oosuppresslon. Here the 
overall effect of overexpresdon of a transgene is that there is less activity m the cell of the 
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protein encoded by a native gene having homoJogy to the introduced tran^ene. Other 
examples of deo-easing expression are also well documented In the art and Include, for 
example, downregulation of expression by anti-sense techniques, co-suppression techniques. 
RNAl teehniCiues, small interference RNAs (siRNAs), microRNA (miRIMA). the use of 
5 ribozymes. etc. Therefore aocoidlng to a paiticular aspect of the invention, there b provided a 
method for modulating growth (^aractedsttcs of plants, including terfinologles tfiat based 
on the synthe^ of antisense transcripts, complementary to the mRNA of a mstallotNortem 
gene, or based on RIMA interference. Advantageously, the methods aooordlng Id the pr^ent 
Invention may also be practised by downregulaOon of a nucleic acid sequence encoding a 

10 metallothlonein pnatein. Plante having modified growth characteristics may be obtained by 
expressing a nucleic add sequence encoding a metaJlothloneIn In either sense or antisense 
Mientation. Techniques for downregulafion are well known in the art The terms "gene 
sHaneIng" or "downregulation'' of oqiression. as u^d herein, nefier to lowering levels of gene 
Kcprerafon and/or levels of active gene product and/or levels of gene FModuct acti>^. Such 

15 decreases In expression may be accomplished by, Ibr example, the addition of coding 
sequences or parts thereof in a sense ortentation (if It is desired to achieve co-suppression). 
Therefore, according to one aapect of the present Invention, the growth of a plant may be 
modified by introdudng into a plant an additional cof^ (fn fiiil or in part) of a metallothlonebi 
gene already present in a host plant The additional gene will silence the endogenous gene. 
20 giving rise to a phe.nomenon lonown as co-suppression. 



Genehc constmcts aimed at sliendng gene expression may comprise the metallothionein 
nucleotide sequence, fbr example as represented by SEQ ID NO: 1 (or one or more portions 
thereof) in a sense an*or antisense orientation relathre to the promoter sequence. The sense 
or antisense copies of at teast part of the end(^enous gene in the fonn of direct or inverted 
repeats may be utilised in the methods according to the invention. The growth characteristics 
of plants may also be modified by introducing Into a plant at least part of an antisense version 
of the nucleotide sequence represented, for example, by SEQ ID NO: 1. It should be dear that 
part of the nucleic add (a portion) could achieve the desired result Homologous anti-sense 
genes are pretend to heterologous antl-eense genes, homologous genes being plant genes, 
preferably plant genes from the same plant spades, and heterologous genes being genes f^m 
non-plant species. 



Another method for downregulation of gene expression or gene silencing comprraes use of 
ribozymes, for example as described in Atkins et at. 1994 (WO 94/00012), Lenee ef af. 1995 
(WO 95/03404). Ujtziger et af. 2000 (WO 00/00619). Prinsen et af. 1997 (WO 97/386^ and 
Scott ef a/. 1997 (WO 97/38116). 
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Gene silencing may also be achieved by insertion mutagenesis (for example. T-DNA insertion 
or transposon Insertion) or by gene s'dencing strategies as described by. among others. AngeB 
and Bauicombe 1998 (WO 98/38083). Lowe et al. 1989 (WO 98/53083). Lederer et al. 1899 
5 (WO 99/15682) orWangef a/. 1999 (WO 99/S3060). Expression of an endogenous gene may 
also be reduced If the endogenous gene contains a mutation. Such a mutant gene may be 
Isolated and Introduced Into the same or different plant spades In orderto obtain plants having 
modified growth charsct^'sfics. 

10 Accoiding to a second embodiment of the present invention, genetic constructs and vectors to 
faciritate introduction and/or expression of the nucleotide sequences useful in the methods 
according to the Invention are provided. Therefore, according to a second embodiment of tha 
present invention, there Is provided a gene constnjcl comprising: 

(i) a nucleic acid sequence capable of modulating expression of a nudelo add 

15 encoding a mstaWothionein and/or ac^vity of a metaBothionein protein; 

(li) one or more control sequences capable of driving expression of the nudeic add 

sequence of (i); and optionally 

011) a transcription termination sequence. 

20 Constructs useftil in the methods according to the present Invention may be constmcted using 
recombinant DMA technology well known to persons sWHed In the art. The gene constructs 
may be inserted into vectors, which may be commerdaBy available, surtable for transforming 
Into plants and suiteble Ibr repression of the gene of Interest in the transformed cells. 

25 The nucleic add sequence capable of modulating expression of a nucleic add encoding a 
metaOothionein and/or adivity of the metallothlonein itself may be a nudeic acid sequence 
encoding a metaliothioneln or a homologue, derivative or active fragment thereof, such as any 
of the nudeic add sequences described hereinbefore. A prefenied nucleic add sequence Is 
the sequence represented by SEQ ID NO: 1 or a portion thereof or sequences capable of 

30 hybridising theiawlth or a nudeic add sequence encoding a sequence represented by SEQ ID 
NO: 2 or a homologue, derivaiive or acHve fragment thereof. 

Plants are transformed with a vector comprising the sequence of interest (i.e.. the nucleic acid 
sequence capable of modulating expression of a nudeic add encoding a metallothlonein). 
35 which sequence is operably linked to one or more control sequences (at least a promoter). 
The temis "regulatory element', "control sequence" and "promoter" are all used herein 
interchangeably and are to be taken in a broad context to refer to regulatory nucleic add 
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sequences capable of effecting expression of the sequences to which they are Mgated. 
Encompassed by the aforementioned teirns are transcriptional regulatory sequences derived 
from a classical eukafyotic genomic gene (Indudlng the TATA box which is required for 
accurate transcription initiation, with or without a CCAAT box sequence) and additional 
regulatory elements (I.e. upstream activating sequencss. enhancers and sDencere) which alter 
gene expression in response to devefopmental and/or external stimuli, or in a fissu&^pecific 
manner. Also included within the term is a transcriptional regulatory sequence of a dassfeal 
prokaiyotic gene, In which case it may include a box sequence and/or -10 box 
transcriptional regulatory sequences. The tenn "regulatory elemenr also encompasses a 
synthetic iuslon molecule or derivative which confers, activates or enhances expression of a 
nucleic acid molecule In a cell, tissue or oisan. The temis "control sequence", "regulatory 
sequence-, "regulatory element" and "promoter" are used interchangeably herein. The tsm 
"operaWy linked" as used herein refers to a lUnctfonal linkage between the promoter sequence 
and the gene of Interest such that the promoter sequence is able to initiate transcription of the 
gene of interest 



20 



Advantageously, any type of promoter may be used to drive exprBsston of the nudelo add 
sequence depending on the desired outcome. For example, a meristem-specific promoter 
such as the mr (ribonudeotlde reductase), cdc2a promoter and the cyc07 promoter, could b^ 
used to eflect expression In all growing parts of the plant thereby increasing cell prxillleration 
which In turn would increase yield or blomass. If the desired outcome would be to Influence 
seed diaraoteriStics, such as the storage capadty. seed stee. seed number, biomass etc then 
a seed-apedfic promoter, sudi as p2S2, pPROLAMIN. pOLEOSiN could be seleded An 
aleurone-spedflc promoter may be seleded In order to increase growth at the moment of 
25 gemiination. thereby increasing the transport of sugars to the embfyo. An InflorBscence- 
spedfic promoter, such as pLEAFY. may be utilised if the desired outcome would be to modify 
the number of flower organs. To produce maie-steriie plants one would need an anther 
specific promoter. To Impact on flower archltedure for example petal siize. one could choose a 
petal-spedfic promoter, if the desired outcome would be to modify grewth and/or 
developmental diaiaderistlcs In particular organs, then the choice of the promoter would 
depend on the organ to be modified. For example, use of a reotHspedfic promoter would lead 
to increased growth and/or increased biomass or yiew of the rt>ot and/or phenolypio afteretion 
the root This would be partfdilariy Important where it is the root itself that is the desired end 
produd. such crops include sugar beet turnip, carrot, and potato. A fruH^pedflc promoter 
may be used to modliy. for example, the strength of the outer skin of the fhiit or to increase the 
s«e of the fruit A green tissue^pedfic promoter may be used to increase leaf sire A cell 
waU^pectfio promoter may be used to increase the rigidity of the cell wall, thereby increasing 
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pathogen resistance. An arrth^-specific promoter may be used to produce mate^erile plartts^ 
A vascular-speciflc promoter may be used to increase transport from leaves to seeds A 
nodule^peciflc promoter may be used to increase the nitrogen ffadng capabitftles of a plan^ 
thereby Incasing the nutrient levels In a plant A stress^duCble promoter may also be used 

5 to drtve expression of a nudeic add to Increase membrane Integrity during ^^^^ 
stress. A 81.^ inducible promoter such as the water stress induced promoter WSna, the 
drought stress induced, the ABA related promoter rab21 or any other promoter which Is 
Induced under a particular stress condition such as temperature stress (cold, freezing, heat) or 
osmtrtlc stress, or drought stress or oxidative stress or biotic stress can be used to dnve 

10 expression of metallothionein. Plants of commercial interest, such as rice or com. transfomied 
with this construct may show enhanced growth, enhanced yield. Increased bloma^ and 
increased survival potential under stress conditions and stress tolerance and pathogen 
resistance when compared to plarrts not having the plant metallothionein gene under the 
control of a stress inducible promoter. 

Piefferably. the nucleic acid sequence capable of modulating expression of a gene encoding a 
metallothionein Is operably nnked to a constitutive promoter. The term "constitutive" as defined 
herein reiters to a promoter that Is expressed predominantly in at least one tissue or organ and 
predomlnanUy at any life stage of the plant Preferably the promoter Is expressed 
20 pTBdomlnantly throughout the plant Preferably, the conslltuBve promoter Is the GOS2 
promoter from rice. 

optionally, one or mon* tenninator sequences may also be used in the constmct Introduced 
into a plant The term "terminator" encompasses a control sequence which is a DNA 

25 sequence at the end of a transcriptional urut which signals 3' processing and poiyadenylaflon 
of a primary transcript and temilnation of transcription. Additional regulatory elements may 
include transcriptional as well as translational enhancers. Those skilled in the art wi« be aware 
of temiinator and enhancer sequences vAMch may be suitable for use in perfonming the 
invention. Such sequences would be known or may readily be obtained by a person sKHIed in 

30 tiie art 

The genetic constructs of the Invention may furth^ include an origin of repKcation sequence 
which is laired for maintenance and/or replication in a spedfic cell type. One example is 
when a genetic construct is required to be maintained in a bacterial celt as an episomal genetic 
35 element (e.g- plasmid or cosmJd molecule). Preferred origins of repncahon include, but are not 
Hmited to. the fl -ori and colE1 . 
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The genetic add constmct may optionaDy comprise a selectable marker gene. As used herein, 
the tarm "selectable marker gene" Includes any gene which confers a phenotype on a cell in 
which It is expressed to facflltate the identification and^or selection of cells which arB 
trensfected or transfonned with a nudeic add construct of the Invention. Suitable markers 
5 may be selected from markere that confer antlblollc or herbldde resistance. Cells containing 
the recombinant DMA will thus be able to sunnve In the presence of antiUoUc or hethldde 
concentrations that kin untransfonned cens. Examples of selectable marker genes include the 
bar gene which provides resistance to the herbidde Basta; the npt gene which confers 
resistance to the antibiotic kanamydn.- the hpt gene which confers hygromydn resistance. 
10 Visual markers, such as the Green Ruorescent Protein (GFP. Haseloff et af„ Nature 334. 585 
- 591, 1997). 3^IucuRDnldaae (eus) or ludferase may also be used as selectable markers. 
Further examples of suitable selectable marker genes indude the ampiclllln resistance (Ampr). 
telraoydlne resistance gene (Tor), bacterial kanamydn r^Istance gene (Kanr).' 
phosphlnothridn resistance gene, neomydn phosphotransferase gene (nptll). hygromydn 
resistance gene. gene, and the chloramphenicol ace^Nransferase (CAT) gene, amongst 
others. 



15 
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The present Invention also encompasses plants oMainable by the methods accoreling to the 
present invention. The present invention thersfer© provides plants obtainable by the method 
accoraing to the present invention, which plants have modified growth characteristics and 
whidi plants have altered metaliothlonein activiiy and^or altered expression of a nudeic add 
sequence encoding a metallc^lonein. 

According to a third embodiment of the present invention, there is provided a method for the 
25 production of transgenic plants having modified growth charaderistics. comprising introductton 
and expression in a plant of a nudeic add molecule of the Invention. 

More spedfically. the present invention provides a method fbr the produdion of tranagenfc 
plants having modified growth characteristics, which method comprises: 
30 (D introducing into a plant or plant cell a nudeic add sequence or a portion thereof 
encoding metallothionein or a homologue. derivative or active fragment thereof; 

(II) cultivating the plant ceD under conditions promoting .generation arid mature plant 
growth. 



35 



The protein itself and/or the nucleic add itself may be introduced direcHy into a plant cell or Into 
the Plant itsetf (induding introduction into a tissue, organ or any other part of the plant) 
According to a prefenred feature of the present invention, the nudeio add sequence is 
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preferably introduced into a plant by transformation. The nucleic acid sequence Is preferably 
as represented by SEQ ID NO: 1 or a portion thereof or sequences capable of hybndislng 
therewith or is a nucleic add sequence encoding an anriino add sequence represented by 
SEQ ID NO: 2 or a homologue. derivative or active fragment thereof. Alternatively, the nucleic 
add sequence is as represented by SEQ ID NO: 3 or a portion thereof or sequences capable 
of hybridising with any of the aforementioned sequences. The amino add sequence may 
attematively be a sequence as represented by SEQ ID NO: 4 or by homologues. derivath/es or 
flnagments thereof. 

The tenn "transfonnatlon- as referred to herein encompasses the transfer of an exogenous 
polynudeotlde into a host cell, irrespective of the method used fbr transfer. Plant tissue 
capable of subsequent donal propagation, whether by organogenesis or embryogenesis. may 
be transfomied with a genetic constnict of the present Invention and a whole plant regenerated 
therefrom. The particular tissue chosen wDI vary depending on the donal propagation systems 
available for, and best suited to. the parficular spedes being transfomied. Exemplary tissue 
targets mdude leaf disks, pollen, embryos, cotyledons, hypocotyfe, megagametophytes, callus 
tissue, existing meristematic tissue (e.g.. apical meristem. axillary buds, and root meristems). 
and induced meristem tissue (e.g.. cotyledon meristem and hypocotyl meristem). The 
polynucleotide may be transiently or stably introduced into a host cell and may be maintained 
non-integrated, for example, as a plasmid. Alternatively, it may be integrated Into the host 
genome. The resulting transformed plant ceB can then be used to regenerate a transfomned 
plant in a manna- known to persons sWIIed in the art 

Transfomwtion of a plant spedes Is now a fbirly routine technique. Advantageously, any of 
25 several transfonnaUon metiwds may be used to introduce the gene of interest into a suitable 
ancestor cell. Transformation methods indude the use of liposomes, electroporation, 
diemlcals that increase free DMA uptake, injection of the DNA dlrectiy Into the plant, paitlde 
gun bombardment, transfomiation using vlmses or pollen and microprolecUon. Methods may 
be selected from the calclum/pdyethylene glycol method for protoplasts (Krens. F.A. et a/.. 
30 1882, Nature 296, 72-74-. Negartiu I. et at., June 1987. Plant Wlol. Biol. 8. 363-373); 
elect^poration of protoplasts (Shiflito RD. Bt at., 1985 BioH-echnoI 3. 1099-1102); 
microinjection Into plant material (Cnjssway A. et el.. 1986. MoL Gen Genet 202. 179-185); 
DNA or RNA-^ed parfide bombardment (Klein T.M. et a/.. 1987. Nature 327, 70) infection 
with (non-integialive) viruses and tiie tike. A prefen^ed method according to the present 
35 Invention is the protocol according to Hiei ef a/. 1994 In the case of rice transfonnation. 
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Generally after transformation, r^ant ceils or cell groupings are eelet^ for the presence of 
one or more markers which are encoded plant-expressible genes co-transf^n«d with the 
gene trfimeresi, following which thetransfbnned material is regenerated Into a vi^ole plant 

5 FoOowing DIMA transfer and regeneration, putatively transformed plants may be evaluated, for 
instance usir^ Southern analysis, for the presence of the gene of interest, copy numt»r and/or 
genomic organisation. Alternatively or additionally, expression levels of the newly Introduced 
DMA may be monitored using Northern and/or Western analysis, both techniques being well 
ttfiown to persons having ordinary sldll in the ait 

10 

TTie generated transfbnnad plants may be propagated by a variety of means, such as by clonal 
propagation or cissslcal breeding techniques. For example, a first generafton (or T1) 
transfomned plant may be seifad to give homozygoi^ second generation (or T2) transiwmants, 
and the TZ plants further propagated throi^ ciassFcal brseding techniques. 

15 

The generated transformed organisms may talce a vaUety of forms. For example, they may be 
chimeras of transfomied cells and non-transfomied cells; clonal franstemiants (e.g., all celle 
transformed to contain the expression cassette); grafts of transformed and untransformed 
tissues (e.g., in plants, a transfonned rootetock grafted to an untransfbrnied scton). 

20 

The present invention dearly extends to any plant cell or plant produced by any of the methods 
described herein, and to all plant parte and prepaguies thereof. The present invention extends 
further to encompass the progeny of a primary transformed or transfiacted cell, tissue, organ or 
whole plant that has been produced by any of the aforementioned methods, the only 

25 requirement being that progeny exhibit the same genotypic and/or phenotypio characferistlc(6) 
as those produced in the parent by the methods according to the Invention. The invention aiso 
Includes host ceDs containing an isolated nucleic acid molecule encoding a protein capable of 
modulating a metallothionein. preferably wherein the protein is a metailothionein. Preferred 
host cells according to the invention are plant cells. The Invention also extends to harvestable 

30 parts of a plant such as but not limited to seeds, leaves, fruits, flowers, stem cultures, 
rhizomes, tobers and bulbs. 



The tenii -plant" as used herein encompasses whole plants, ancestors and progeny of the 
plante and plant parts, including seeds, shoots, stems, roote (Including tubers), and plant cells, 
tissues and organs. The term "planf also therefore encompasses suepenston cultures, 
embryos, merlstematfc regions, callus tissue, leaves, seeds, loote. shoote, gametophytes,' 
sporophytes, pollen, and microspores. Plante that are particularly useful in the methods of the 

17 
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invention indude all plants which belong to the supeffamlly VIridiplantae, m particular 
monocotyledonous and dicotyledonous plants including a fodder or forage legume, ornamental 
plant, food crop. tree, or ahwb selected from the list comprising Acacfa spp-. Acer spp.. 
AGtlnidia spp.. Aescutus spp.. Agathla eustralls, Albizia amara. Alsophlla Mcolor. Andmpogon 
5 spp.. Araohla spp. Amost catochu, Asteb'a fragrans. Astragalus doer, SaiWaea pfurfjuga. Batata 
spp., Brassha spp., Bmguters, gyrnnonhiza. Burkea afrfcana. Sufea ftondosa. Cadaba 
fyfinosa. Cassandra spp. CameUla sinensis, Cawa Indioa, C&psioum spp.. Cassia spp.. 
Cantitj^a pubeaoena, Chaenomeles spp.. Clnnamomum cassia, Coffea arabica, 
Colophosparmum mopane, Corortillia varta, Cotoneaster semtlna, Crataegus spp., Cucumis 
10 spp.. Cuprassus spp, Cyafftea dealbata, Cydonia oblonga, Cryptomeria Japonica, 
Cyr^bopogon spp.. Cyrtthea dealbata. Cydonia obionga, Daibeigla monmtarta, DavaUla 
divaricate, Desmodium spp.. Dlcksonla squamsa, Dihetampogon amplactans, DIodea spp. 
Doflchoa spp., Dwycnium ractum. Ecttbtochloa pyramfdalls. etirartta spp.. Beusina ooracana. 
aagresffs spp.. Erythrina spp.. Eucalyptus spp.. Et/ctea sohbnp&l, Eulella vHlosa. Fagopyrum 
15 spp.. FeSoa sallowlana, Fragaria spp.. Hamlngla spp, Fraydnetia banKsii, Geranium 
thunbergS, Ginl<go bUoba, Glydnajavarttca, Gliricidia spp. Gossyplum birsutum, Grev/Z/ea spp.. 
Gulbourtia colaospaiwa. Hedysarum spp., Hemarthia atUasima, Hetempogon contortus, 
Hordeum vuigara, Hypanhenia nifa, Hypericum erecfum. Hyperthella diasotuta. Indigo 
kioamata. Iris spp.. Leptarrhena pyrolifolia, Lespediza spp., Lettuca spp., Leucaana 
20 leucocepiiala, Loudetie simplex, Ljotonus bainesll. Lotus spp.. Macmtytoma axIBara, Mabis 
spp.. Manihot esculenta. Medicago saffva. IJietasaquola glyptostmboides, Musa saplentum, 
NiwVenum spp.. Onobryohts spp., Omfttmpus spp., Oryza spp., Poltophoivm afrioanum, 
Pennlsetum spp., Persea gratfssiina. Petunia spp.. Phaseolua spp., Phoenbf canarianala, 
Phormlum oooklanum, PhoUnia spp.. Ptoea glauca, P'mus spp., Pisum sativum, Podocarpus 
26 tofarti. Pogonarthria nacMI, Pogonarthria squarrosa. Populus spp., Prosopls ctnemria, 
Pseudotsuga manzlesD, Pterolobium stellatum. Pyms communis, Quercus spp.. RhapWo/epsfe 
umballata. RhopaiostyHs sapida. Rhus natalensis, Ribes grossularia, RIbes spp.. Robinia 
pseudoacada, Rosa spp.. Rubus spp., Salix spp., Sciiyzachyrium sangulneum, Sdadopitys 
vertidllate. Sequoia sempervirens, Sequoiadendron giganteum. Sorghum ftfco/or. Spinada 
30 spp.. Sporvbolus fimbriatus, Sbbums alopecurofdas, Stylosanthos humiffs. Tadehagi spp. 
Taxodium distichum. Themeda triandra, Trmium spp., Tmcum spp.. Tsuga heterophylla, 
Vaodnium spp., Wcra spp.. WKs vinSara. Watsonia pyeamOata, Zantadeschia aBthtoploa, Zea 
mays, amaranth, artichoke, asparagus, broccoH, Brussels sprouts, cabbage, canola. camrt. 
cauliflower, celery, collarri greens, flax, kale. lentil, oilseed rape, okra, onion, potato, rice, 
35 soybean, straw, sugar beet, sugar cane, sunflower, tomato, squash tea, trees and algae 
amongst others. Accorellng to a prefen-ed feature of the present invention, the plant is a 
monocotyledonous plant, further preferably a cereal, most preferably a plant selected from 
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rice, maize, wheat, bariey, soybean, sunffower, canola. sugarcane, aHalia. millet, bariey. 
lapeBeed and cotton. 

Advantageously, perfbmiance of the method acooiding to the present Invention results in 
5 plants having a variety of modified growth ehaiaciarfstlcs, such modified giovirth characteristics 
including increased yield/biomass with the proviso that Increased yield Is not an increased iron 
concentration, modified anehltecture. modifed stress response with the proviso that the stress 
is not cold stress, osmotic stress, saHne stress or stress caused by pathogens, and ftister 
growth, each relative to corresponding wHId type plants 



10 



The term "Increased yield" encompasses an Increase In blomass in one or more parts of a 
plant relstive to the blomass of conesponding wild-type plants. The term also encompasses 
an increase in seed yield, which includes an increase in the blomass of the seed (seed weight) 
and/or an increase in the number of (fined) seeds andtor m the size of the seeds and/or an 

15 Increase In seed volume, each relative to corresponding wild-type plants. An Increase in seed 
size and/or volume may also influence the composition of seeds. An increase In seed yield 
could be due to an increase in the number and/or size of flowers. An increase in yield might 
also increase the harvest Index, which is expressed as a ratio of the total biomass over the 
yield of han/estable parts, such as seeds. An increase In yield also encompasses a better 

20 performance of the plant under non-stress conditions or under stress conditions compared to 
vtfMd^ype plante. stress conditions include any type of environmental stress and biotie and 
abiotic stresses. 



25 



30 



35 



According to a prefened feature of the present invention, perfbrmance of the methods 
according to the present invention result in plants having modified yield. Preferably, the 
modified yield Includes an increased total number of seeds, Increased total weight of seeds 
and/or an increase of the Thousand Kernel Weight, each relative to control plants. Therefore, 
according to the present Invention, there is provided a method for increasing yield of plants, 
which method comprises modulating expression of a nucleic acid sequence encoding a 
metallothionein and/or modulating activity of the metaiiothioneln itself in a plant, preferably 
wherein the metaUothionein is encoded by a nucleic acid sequence represented by SEQ ID 
NO: 1 or a portion thereof or sequences capable of hybridising therewith or wherein the 
metallothionein is represented by SEQ ID NO: 2 or a homologue, derivative or active fragment 
thereof. Aftematively. the metallothionein may be encoded by a nucleic acid sequence 
represented by SEQ ID NO: 3, or by a portion thereof or by sequences capable of hybridising 
therewith, or wherein the metallothionein is represented by SEO ID NO: 4. or a homologue. 
derhrafive or active Segment of any thereof. 
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•Modffled architecture- may be due to change In cell division. The term "architecture?' as used 
herein encorrtpasses the appearance or morphology of a plant, including any one or more 
structural features or combination of atnictural features thereof. Such structural features 

5 include the shape, size, number, position, texture, arrangement, and pattern of any cell, tissue 
or organ or groups of cefls. tissues or oigans of a plant, including the root, leaf, shoot, stem or 
finer, petiole, trichoma, flower, inflorescence (for monocots and dicots). panicles, petal, sUgma. 
style stamen, pollen, ovule, seed, embryo, endospemi. seed coat, aleurone. fibre, cambium, 
wood, heartwood, parenchyma, aerenchyma. sieve element, phloem or vascular tissue. 

10 amongst others. Modified arehltecture therefore includes aU aspects of modified growth of the 
plant Sometimes plants modiftr their architecture In response to certain conditions such as 
stress and pathogens (e.g. fUngI). Thensfore, within the scope of the term "architecture" is 
included modiflad architecture under conditions such as stress and pathogens. 

15 Preferably, the modified architecture includes modified number of primary panicles, modified 
plant height and modified total area, each relative to control plants. Therefore, according to 
the present invention, there Is provided a method for modifying the architecture of plants, 
particularly the number of primary panicles, plant height and plant area, which method 
comprises modulating expression of a nucleic add sequence encoding a metallothloneln 

20 and/or modulating activity of the metaBothlonein itself in a plant, preferably wherein the 
metallothloneln is encoded by a nucleic add sequence represented by SEQ ID NO: 1 or a 
portion thereof or sequences capable of hybridising therewith or wrtiereln the metallothioneln Is 
represented by SEQ ID NO: 2 or a homologue. derivative or active fl-agment thereof. 
Altematively. the metallothioneln may be encoded by a nucleic add sequence represented by 

25 SEQ ID NO: 3, or by a portion thereof or by sequences capable of hybridising with the 
aforementioned sequences, or wherein the metaltothionein is represented by SEQ ID NO: 4. or 
a homologue. derivative or acHve fragment thereof. 

The present Invention also relates to use of a nudeic acid sequence encoding a 
30 metallothloneln and homologues. derivatives and active fragments thereof In modHying the 
growth characteristics of plants, preferably in increasing yield and modifying plant arehitedure. 
with the proviso that increased yield is not an Increased iron concentration. The nucleic acid 
sequence Is pr^rBbly as represented by SEQ ID NO: 1 or a portion thereof or sequences 
capable of hybridising therewith or is an amino add sequence represented by SEQ ID NO: 2 or 
35 a homologue, derivative or adive fragment ttiereof. 
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The pnsdont invention ateo relates to use of a nudeic add sequence encoding a 
metanothionein and homologues, derivatives and active fragments thereof and to use of the 
metallothlon^n itself and to homologues. derivatives and active fi^gments thereof as a growth 
regulator. The nucleic acid sequences hereinbefore described (and portions of the same and 
5 sequences capable of hybridising with the same) and the amino acid sequences hereinbefore 
described (and homologues. derivatives and active Itagments of the same) are usefol in 
modifying the gn^wth characleristfcs of plants, as hereinbefore, descrtoed. The sequences 
would therefore find use as growth regulators, such as heribicides or growth stimulatoie... The 
present Invention ateo provides a composition comprising a protein represented by any of the 
10 aforementioned amino add sequences or homologues. derivatives or active fragments thereof 
for the use as a growth nsgulator. 

Conversely, the sequences aocording to the present Invention may also be interesting targets 
for agrochemiral compounds^ such as herbicides or growth stimulators. Accordingly, the 
IS present invention encompasses use of the aforementioned nudeic acid sequences (or a 
portion of the same or sequences capable of hybridising with the same) or an amino acid 
sequence as hereinbefore described (or homologues, derivatives and active fragments of the 
same) as tac^ets for an agrochemlcal compound, such as a herbicide or a growth stimulator. 

20 The methods according to the present Invention may also be practised by co-expression of a 
gene encoding a metaltotlilonein protein In a plant with at least one other gene that cooperates 
with the gene encoding a metallothionecn pnateln. Such a gene may be any other 
metallothlonein or other metal binding protein or other pn:^tein having an essential rote in 
modulating metal concentrations In a plant Co-expression may be effected by cloning the 

25 genes under the control of a plant expressible promoter in a plant expressible vector and 
introducing the expression vector(s) into a plant cell using /4g/oibacfe//um^edlated plant 
transfonnation. 

The methods acconiing to the present invention result In plants having modified growth 
30 characteristics, as described hereinbefons. These advantageous growth characteriatJcs may 
also be combined with other economically advantageous traits, such as further yleid^nhancing 
traits, tolerance to various stresses, traits modifying various architectural features and/or 
biochemical and/or physiological features. 

35 Description of figures 

The present invention win now be described wWi reference to the following figures In whic*i: 
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Figure 1: Schematic presentation of the entry done p3372, containing CDS1S8S within the 
AttLI and AttL2 sites ibr Gatewa/ cloning In the pDONR201 bacl*one. CDS1586 is the 
intemal code for the Arsbidop&'s ffiaffana metallothionein-like AtMTZa coding sequence. This 
vector contains also a bacterial kanamycine-resistance cassette .and a bacterial origin of 
5 replication. 

Figure 2: Binary vector tor the expression in O/yza saOva of the Arabtdopsis thaliana 
metallothlonein-like AtMT2a gene (CIDS1585) under the control of the rice GOS2 promoter 
(PRO0129). This vector contains a T-DIMA derived from the Ti Piasmid, limited by a left border 

10 (l^ repeat. LB Ti CSS) and a right border (RB repeat. RB Ti C58)). From the left border to the 
right border, this T-DNA contains: a CalWV35S promoter - hpt CDS - CaMV35S terminator 
cassette for antibiotic selection of transformed plants: a CaWIV35S promoter - GFP CDS - 
IMOS terminator cassette for visual screening of transfomned plants; the PRO0129 - CDS1S85 - 
zein and ttcS-deltaQA double temiinator cassette for expraaalon of the Ambidopsls thaUana 

15 metallolhloneln-Hke AtMTZa gene. This vector also contains an origin of replication from 
PBR322 for bacterial replication and a selectable marker (Spe/SmeR) for bacterial selection 
with spedinomycin and streptomycin. 
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Figure 3: Sequence listing 

Examples 

The present invention wiH now be described with reference to the fbltowing examples, which 
are by way of illustration alone. 

25 DNA manipulation: unless otherafee stated, recombinant DMA technk^ues are perfomied 
according to atandaid protocols described in (Sambrook (2001) Molecular Cloning: a 
laboratocy manual, 3rri Edition Cold Spring Harbor Laboratory Press, CSH, New Yoric) or In 
Volumes 1 and 2 of Ausubel et af. (19S4), Current Protocols in Molecular Biology. Current 
Protocols. Standard materials and methods for plant molecular work are described in Plant 

30 Molecular Biology Labfase (1993) by R.D.D. Croy, published by BIOS Sdenlinc i^llcatlone 
Ltd (UK) and Blackwell Sdentific Publteatlons (UK). 



Example 1, Cloning of CDS0851 

The Arabldopsls metaltothionein AtMT2a (CDS1585) was amplified by PCR using ae template 
35 an Ambldops^ thallana seedling cDNA library (Invitrogen, Paisley. UK). After reveree 
transcription of RNA extracted from seedlings, the cDNAs were cloned Into pCMV Sport 6.0. 
Average Insert size of the bank was 1.5 kb. and original number of clones was of 1 .59x10^ cfu. 
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The original titer was determined to be 9.6x10^ cfu/ml, and after a firet amplification became 
6x10" cfu/ml. After piasmid extraction. 200 of template was used in a 50 pi PGR mix. 
Primere prm03240 (SEQ ID NO 5) and pmi03241 (SEQ ID NO 6). which Include the AttB sites 
for Gateway recombination, were used for PGR ampllflcatlon. PGR was performed using Hlfi 
5 Taq DNA polymerase in standanl conditions. A PGR fragment of 246 bp was amplffied and 
purified also using standard methods. The first step of the Gateway procedure, the BP 
reaction, was then performed, during which the PGR fragment racombines in vivo wfth the 
PDONR201 piasmid to produce, according to the Gateway temiinalogy. an "entiy done", 
p3372 (Rgure 1). Piasmid pDONR201 was purchased from Invtoogen, as part of the Gateway* 
10 technology. 



Example?. Vector construction for transformation with PRO0129-CDS158S 
cassette 

The entiy done p3372 was subsequenUy used in an LR reacHon with p0S40. a destination 
15 vector used for Ofyza S9tfva transfomrwtlon. This vector contains as functional elements within 
the T-DfvIA borders: a plant selectable maricen a GFP expression cassette; and a Gateway 
cassette intended for LR in vhm recombinabon with the sequence of interest already cloned m 
the entry done. A rice GOS2 promoter for constitutive expression (PRO0129) is located 
upstream of this Gateway cassette. 
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After the LR recombinatidn step, the resulting expression vector p3436 (Figure 2) can be 
transfbnned into the Agmb&cteriim strain LBA4044 and subsequently to Oryza aatlva plants. 

Example 3. Transfometion of rice with PRO0129 - CDS158S 

25 Mature dry seeds of Oryza sath/a japonica cultivar Nipponbare wer^ dehuslosd. SteriUzaUon 
was done by incubating the seeds for one minute in 70% ethanol. fblfowed by 30 minutes fn 
0.2% HgCIa and by 6 washes of 15 minutes with sterile distUIed water. The sterile seeds were 
then genninated on a medium containing 2.4-0 (callus induction medium). After a 4-weelc 
Incubation In the dari?, embryogenic scutellum-derived call! were excised and propagated on 

30 the same medium. Two weeks later, the calli were muitipfed or propagated by subculture on 
the same medium for another 2 vi«eks. 3 days before co-cuitivation. embryogenic callus 
pieces were sub^ailh/red on f^esh medium to boost oeH division activity. Th& Agrobacterium 
strain LBA4044 hartiouring the binary vector p307a was used for co^ajltivation. The 
Agrobacterium strain was cultured fV>r 3 days at 28'C.on AB medium with the appropriate 
35 antibiotics. The bacteria were then collected and suspended In liquid co-culHvatlon medium at 
an OIDeoo of about 1. "nie suspension was transferred to a petri dish and the calH were 
immersed in the suspension during 15 minutes. Next, the callus tissues were blotted dry on a 
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filter paper, transferred to solidified co-cultlvatlon medium and incubated tor 3 days in the dark 

Hei«ater. co«ilii«ated callus was grovwn on 2.4^>containlng medium for 4 weeks In the dark 
at 28'C in the presence of a selective agent at a suitable concentration. During this period. 

5 rapidly growing resistant callus islands developed. Upon transfer of this material to a 
regeneration medium and incubation In the nght. the embryogenic potential was released and 
shoots developed in the next four to five weeks- Shoots were excised from the callus and 
incubated for 2 to 3 weeks on an auxin-containing medium from which they were transferred to 
sofl. Hardened shoots were grown under high humidity and short days In a greenhouse. Finally 

10 seeds were harvested three to five months after transplanting. Tiie method yielded single locus 
transfonnants at a rate of over 50 % (Aldemlta and Hodges. 1996. Chan ef al., 1993. HIel ef 
a/.. 1994). 

Example 4. Evaluation ofiransgenUt tics transfbrmed wHh PRO0129^DS15B5 

15 Approximately 15 to 20 independent TO rtee transibnnants were generated. The primary 
transibrmants were transferred ftnm tissue culture chambers to a greenhouse for growing and 
haivest of T1 seed. 7 events, of which the T1 progeny segregated 3:1 for presence/absence of 
the transgene. were retained. For each of these events, approximately 10 T1 seedflngs 
containing the transgene (hetero- and homo-zygotes), and approximately 10 T1 seedlings 

20 lacking the transgene (nullizygotes). were selected by monitoring GFP expression. 

Vegetative grow* measurements: 

The selected T1 plants (approximately 10 with the transgene and appnoximately 10 wrtthoul the 
transgene) were transferred to a greenhouse. Each plant received a unique barcode label to 

25 link unambiguously the phenotyping data to the comesponding plant The selected T1 plants 
were grovwi on soil In 10 cm diameter pots under the fonowlng environmental settings: 
photoperiod= 11.5 h, daylight Intensity= 30.000 lux or more, daytime temperature^ 28"C or 
higher, night time temperature^ 22'C, relative humldny= 60-70%. Transgenic plants and the 
corresponding nullizygotes were grown slde-by-slde at random po^ons. Frwn the stege of 

30 sowing until the stage of maturity each plant were passed several times through a digital 
imaging cabinet and Imaged. At each time point digital images (2048x1536 pbcela, 16 million 
coloure) were taken of each plant from at least 6 different angles. The parametare desciftjed 
below were derived wi an automated way from the all the digital images of all the plants, using 
image analysis software. 

35 

(i) Above ground plant area: plant above ground area was determined by counting the total 
number of pixels from aboveground plant parts discriminated from the background. This value 
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was averaged for the pictures taken on the same time point from the different angles and was 
. converted to a ph^Ical surface vaiue expressed in square mm by calibration. Experiments 
Qhow that the aboveground plant area measured this way correlates with the btomass of plant 
parts above ground. 

5 

(iO Plant height height was detennlned by the distance between the horizontal lines going 
through the upper pot edge and the uppermost pixel corresponding to a plant part above 
ground. This value was averaged for the pictures tai^en on the same time point from the 
different angles and was converted, by calibration, to a physical distance expressed in mm. 
10 Experiments showed that plant height measured this way correlate with plant height measured 
manually with a ruler. 

(lii) Number of primary panicles: the tallest panide and all the panicles that overlapped with the 
taflest panide when aligned vertically were considered as primary panides. and counted 
15 manually. 

Seed-related parameter measurements: 

The mature primary panicles were harvested, bagged, barcode^abeled and then dried for 
three days In the oven at 37*C. The panides were then threshed and all the seeds were 
20 collected and counted. The filled husks wens separated from the empty ones using an air- 
blowing device. The empty husks were discarded and the remaining firaction was counted 
again. ThB filled huste were weighed on an analytical balance. This procedure resulted in the 
sat of seed^reiated parameters described below. 

25 (0 Total seed number per plant: was measured by counting the number of busies harvested 
from a plant 

(H) Total seed yield per plant: the yield was measured by weighing all filled husks harvested 
from a plant. 

30 

(lii) Thousand Kernel Weight (TKW): this parameter is extrapolated from the number of filled 
seeds counted, and their total weight 

Statistical analysis: t-test and f=^test 
35 A two fad:or ANOVA (analysis of variants) was used as statistical model for the ovenail 
evaluation of plant phenotypic characteristics. An F-test was earned out on all the paiameteis 
measured of all the plants of all the events transformed with the gene of the present invention. 
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The F-test is carried out to check for an effect of the gene over all the transfonnatlon events 
and to verify for an overall effect of the gene, also named herein "global gene effect". If the 
value of the F-4est shows that the data are significant, than it is concluded that there fe a 
"gene" effect, meaning that not only presence or the position of the gene is causing the 
5 differences in phenolype. The threshold for significance for a true global gene effect is set at 
5% probability level for the F4esL 

To check f«>r an effect of the genes within an event. I.e., for a line-specffic effect, a t-test was 
perfomied withm each event usmg data sets from the transgenic plants.and the coneapondlng 

10 null plants. "Null plants" or "Nufl segregants" are the plants treated in the same way as the 
transgenic plant, but from which the transgene has segregated. Null plants can also be 
described as the homozygous negative transfonnants. The threshold for significance for the 
t-test Is set at 10% probability level. Within one population of 6 transfonmatlon ewents, some 
events can be under or above this t-test threshoW. This is based on the hypothesis that a gene 

15 might only have an effect in certain posfttons in the genome, and that the occurrence of this 
posltton-dependent effect is not uncommon. This kind of gene effect Is also named herein a 
"line effect of the gene". 

The p-value Is obtained by comparing the t-value to the t-dlstribution or alternatively, by 
comparing the F-value to the F-distribuBon. The F>-value then stands for the probability that the 
20 null hypothesis (null hypothesis being "there Is no effect of the tnansgena") is correct 

Example 5. RbsuHs of the evaluation of transgenic plants transformed with 
PR00129'CDS1S85 

25 I. Vegetative parameters 
Total area: 

Results are presented In table 1. The presence of the transgene has a very significant overall 
positive effect on aboveground area of the transgenics, when compared to their null 
segregants- The transgenic plants have an increase In total area of 17 % compared to the null 
30 segregants, with a probability of both populations being equal of only 0.0048. In addlUon to this 
overall positive effect, two specific transfennatfon events. 84374 and 84384, also present 
significant aboveground area Increase corresponding to 31 and 56%. with p-values for the 
t4est OF 0.0^2 and 0.0045 respectively. 
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Total Area 


Line 


TR 


null 


1 dif 


%Ciif 


p-^alue 


OH lO^ 


9969/ 


48162 


7495 


16 


0.285^ 


84357 


50638 


46473 


416S 


9 


0.5157 


84374 


64361 


41388 


12973 


31 


0.0652 


84384 


53809 


34788 


19021 


55 


0.0045 


84417 


55286 


50325 


4961 


10 


0.4391 


95271 


36977 


35183 


794 


2 


0.9033 


9S273 


3881 S 


37240 


1579 


4 


0.8141 




49107 


42109 


6^8 


17 


0.0048 



— •■■wxi>ii%4iii awwv^Ljiuuf iu area 

(expressed In mrn^ was deteimlned for ihe 10 transgenics (TO) and the 10 null lines (null). 
The numerlo difierence between the posftfvs plants and the negative plants is given (dif) as 
wbB as the percentage of difference between these plants (% dif), p-values stand for the 
pnjbabillty produced by the t-test for each plant line. The last row presents the average 
numbers for all seven events. There, the p<value stands for the p^lue derived from the F- 
test 



10 Primary panicles: 

Results are presented in table 2. The two events positive for aboveground area are also 
positive for the number of firet panicles that developed. The p-value of the t-test is respectively 
0.0009 and 0.0297 for evente 84374 and 84384. The p-value obtained from the F-test to check 
for overall gene effect Is not strongly significant (0.0958). although a 16% increase can be 
16 obsenred when the transgene Is present. 
Table 2: 



First pan 


Une 


TR 


null 


dif 


%dif 


p-value 


84162 


3.8 


3.3 


o.a 


IS 


0.4817 


84367 


3.6 


4.4 


-0.8 


-18 


0.2233 


84374 


5.9 


3.5 


2.4 


69 


0.0009 


84384 


4.9 


3.4 


1-6 


45 


0.0297 


84417 


4 


3.4 


0.6 


18 


0.3604 


95271 


3.6 


2.8 


0.8 


30 


0.2139 


95273 


3.^ 


4 


-0.8 


-19 


0.2637 


Overall 


4.1 


3.^ 


0.6 


16 


0.0968 
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Each row corresponds to on© everrt. for which ihe average number of first panides has been 
determined for the 10 tranegenlcs (TR) and the 10 nun lines (null), expressed In unrts. The 
numeric dWerence between the posifive plants and the negative plants is given (dif) as wefl aa 
the parentage of difference between these plants (% dif)- P-values stand for the probability 
produced by the t-test for each plant line. The last row presents the average numbers for all 
seven events. There, the p^alue stands forthe p-value derived from the I=4est 
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Results are presented in table ?. Again, the same two everts positive for aboveground area 
and number of first panicles, are positive for height, with p-values for the t-test of 0.0256 and 
0 0215, respectively. Another event. W417. is also positive for this parameter, with a p-value 
of 0.0984. More Importantly, a vary significant overall effect of the transgene on plarrt height 
can be observed, wlthap^alueffom the F-test being 0.0034. 
Table 3: 



Height 



Line 


TR 


null 


dif 


%dif 


p.value 


84162 


1069 


1036 


33 


3 


0.4994 


" 84357 


991 


932 


69 


e 


0.2063 


84374 


1012 


898 


114 


13 


0.0256 


84384 


954 


843 


111 


13 


0.0215 


84417 


1074 


996 


77 




0.0984 


95271 


89S 


882 


13 


2 


0.7786 


95273 


911 


938 


37 


-a 


0-5762 


Overal 


r »8« 


933 


53 


e 


0.0034 



fbr Which th© average total i 



seeds has been 



1 5 Each row corresponds to one event, 

detemiined forthe 10 transgenics (TR) and the 10 null lines (null), expressed in nam. The 
numeric difference between the positive plants and the negative plants Is given (dif) as well as 
the percentage of difference between these plants (% dif). P-values stand for the probability 
produced by the t-test for each plant line. The last row presents the average numberefor all 

20 seven events. There, the p-value stands fdr the p^Iue derived ftom the F-tesl. 

11. Seed-related parameters 
Total number of seeds: 

Resufta aiB presented in table 4. The two events positive for several vegetative parameters. 
25 are also positive for the total number of seeds that were produced: everrt 84374 showed an 
increase of 55% over the nulOzygotes and event 84384 produced 43% more seeds. These 
increases were significantly, as the t-test pnDduced p-values of 0.0085 and 0.0541 
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respectively. More fmportaitUy, the presence of the transgene has a significant positive overafl 
effect with a p-value of 0.0404, indicating that the transgenic plants produce more seeds than 
their null counterparts. 
Tabfe 4; 



nrtotalseed 


Une 


TR 


null 


dif 


%clif 


p-valtra 


84162 


371.fi 


323.e 


47.€ 


1S 


0.3955 


84357 


307 


338.6 


-31.6 


-9 


0.554 


84374 


437 


281.7 


166.33 




0.0086 


84384 


364.7 


254.9 


109.83 




0.0541 


84417 


358.2 


337.4 


^ 20.6 


6 


0.6968 


95271 


250.7 


210.4 


40.29 


19 


0.46 


95273 


252.2 


271-7 


-19.56 


-7 


0.7267 


Overal^ 338.1 


292.8 


42.3 


14 


0.0404 



determined for the 10 transgenics (TR) and the 10 null lines (null), expressed In units. The 
numeric diflerenee between the positive plants and the negative plants is given (dIO as well as 
the percentage of difference between these plants (% dH). P-vaiues stand for the pnababiBty 
produced by the t-test for each plant Hne. The last row presents the average numbera tor all 
seven events. There, the p-value stands for the p-value derived from the F-4©st 

Total weight of seeds; 

Resute are presented In table 5. Event 84384 shows furthennore a higher seed yield (56% 
Increase), which is a sIgniRcant difference as the pvalue from the t-test is 0.0528. The overall 
efEsct of the presence of the transgene on seed yield shows a 9% Increase. 
Tables: 





Total wg seeds 


Une 


TR 


null 


dif 


1 %dif 


P-value 


84162 


4.S 


4.3 


0.5S 


13 


0,6471 


84357 


3.7 


3.6 


0.09 


3 


0.681S 


84374 


3 


2.7 


0.29 


11 


0.8955 


84384 


3.1 


2 


1.1:^ 


56 


0.0528 


84417 


3.8 


4-4 


-0.59 


-13 


0.8517 


95271 


2.1 


1.4 


0.67 


49 


0.4168 


65273 


2.2 


2.4 


-0.14 




0.8443 


Overafl 


3.3 


3 


0.26 


9 


0.209^ 
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Each row corresponds to one event, for which the average total seed weight has been 
determined for the 10 transgenics (TR) and the 10 nuIJ lines (null), expressed In grams. The 
numeric difference between the positive plants and the negative plants Is given (dif) as well as 
the percentage of difference between these plants (% drf). P-values stand for the probability 
5 produced by the t-test for each plant line. The fast now presents the average numbers for all 
seven events. There, the p-va!ue stands for the p-value derived finom the F-test. 

Thousand Kernel Weight: 

Results ans presented in table 6. One of the events previously identified as positive for a 
10 number of parameters (84374), is also positive for Thousand Kernel Weight OXW) with an 
18% increase fn TKW, and a p-value ftom the T test of 0.0008. More lmpori:antly, also the 
overall effect of the presence of the transgene on TKW Is significant, with a p«value from the 
F-teat of 0.0149, showing that seeds from the transgenics are heavier. 
Table 6: 



TKW 




TR 


null 


dIf 


%(lff 


p-value 


84162 


25.3 


25.6 


-0.27 


-1 


0.7752 


84357 


26.3 


24.8 


0.51 


2 


0.5871 


84374 


23.8 


20.1 


3.64 


1^ 


0.0008 


8438'4 


24.7 


24.1 


0.64 


3 


0.5561 


84417 


24.4 


23.2 


1.28 


6 


0.1657 


95271 


23-2 


22.4 


0.8 


4 


0.387 


9527^ 


23.1 


22.Q 


0,13 


1 


0.8877 


Overall 


24.3 


23.4 


0.88 


4 


0.0149 



16 Each row corresponds to one event, for which the average TKW has been determined for the 
10 transgenics (TR) and the 10 null Hnes (null), expressed in units. The numeric difference 
between the positive plants and the negative plants is given (dlQ as well as the percentage of 
difference between these plants {% dif). P-values stand for the probability produced by the t- 
test for each plant fine. The last row presents the average numbers for all seven events. 

20 There, the p-value stands for the p-vafue derived from the F-test 

From Itiese evaluation data it is dear that there was a variation between the different 
transformation events (different plant events each transformed with the AtMTZa gene), it te 
well known to persons skilled In the art, for example a plant molecular biologist, that the 
25 expression of transgenes in plants, and hence also the phenotyplcat effect due to expression 
of such transgene, can difter dramatically among different Independently obtained transgenic 
lines and progeny thereof. The transgenes present In diffisrent independently obtained 

30 
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transgenic plants differ liiom each other Ijy the chromosomar Insertion locus as wen as by the 
number of trans^ene copies {nserted in that locus and the configuration of those transgene 
copies fn that locus. Differences In expression levels can be ascribed to influence fiiam the 
chromosomal context of the transgene (the so^^alled position effect) or from silencing 
5 mechanisms triggered by certain transgene configurations (e.g. inwards facing tandem 
insertions of transgenes are prone to silencing at the transcriptional or post^nscriptional 
lev^}. 



CROPDESIGN N.V. ^042 

042 14.04.2003 14:21:37 



The exact configuration and insertion loci of the different events have not yet been detemiined. 
10 and expression levels have not been measured. But differences in these will dearfy have an 
impact on the phenotypJc parameters that have been measured. In some cases, negative 
ettects may be observed for example when an essential gene Is totally silenced Instead of 
being overexpressed (or misexpressed). 

15 
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Claims . . 

1 Method for modifying plant gmwth characteHsBcs. comprising mpdulaling expmssion .n 
a plant of a nucleic acid sequence encoding a metaBothionein and/or modulating acbvily m a 
plant of a metaltothlonein. 

2. Method accofdlng to daim 1. wheiein said modulation Is effected by recombinant 
means and/or chemical means. 

3 Method according to dalm 1 or 2. wherein eaid modulating expre^ion comprises 
fntrodudng into a plant a nucleic add aequence encoding a metaliothionein or a hcmclogue. 
derivative or active fragment thereof. 

4 Method according to daim 3. wherein said nudeic add is a homologous nudeic a«d 
seauence prBferably from a dicotyledonous plant further preferably from the femily 
BricTcea:. more p^bly the nudeic add sequence is from Arsi>Ma,s^ f^na mos 
pLably as ..presented by SEQ ID NO. 1 or a portion thereof or sequences capable of 
hosing therLh. or a nudeic add sequence encoding an amino ac,d sequence 
lepresented by SEQ ID NO: 2 or a homdogue. derivative or adive fragment thereof. 

20 5 Method according to any of claims i to 4. wherein said nudeic acid sequence is an 
Imatl splice variant of a nudeic acid sequence encoding a metallothionein .or wherein 
said metallothlonein Is encoded by a splice variant 

6 Method according to any of claims 1 to 4. wherein said nudeic add sequence Is an 
25 allelic variant of a nudeic add sequence encoding a metallothioneln or where«i said 

metallolhionein Is encoded by an altenc variant 

7 Method according to any of daims 1 to 4, wherein said nucleic add sequence Is 
cxnnprtsed in at least a-part of an artlfidal chnDmosome. whidi artifidal diromosome preferably 

30 also comprises one or more related gene femlly members. 

8. Method according to any of daims 1 to 7, wherein said nudeic add sequence encoding 
a metallothlonein is overexpressed in a plant 

35 9. Method according to any of claims 1 to 7. wherein said nucleic add sequer«:e encoding 
a metallothioneln is downregulated In a plant 

32 
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10. Method accotxfing to any of claims 1 to 9, wherein expression of said nudeic add 
encoding a metailothionein le driven by a consttu^e promoter. 

1 1- IMethod according to any of claims 1 to 10. wherein said modified growth characteristic 
5 is selected from any one or more of Increased yieldtoomass, modified plant archHectura. 

growth and modified stress response, each relative to conesponding wild type plants, with the 
proviso that said increased yield is not an increased iron concentration and that said etress is 
not cold stress, osmoflc stress, saline stress or stress caused lay pathogens. 

10 12. Plants oWainable by a method according to any of dalms 1 to 11 . 
13. Construct comprising: 

(0 a nucleic add sequence capable of modulating e)(pression of a nudeic acid 

encoding a metaliothionein and/dr adivity of a metaiiothioneln; 

^ o"" "^ore control sequence capable of driving expression of the nudeic add 

sequOTce of (|); and optionally 

(iii) a transcription termination sequence. 



20 



14. Construct according to claim 13, wherein said nucleic aad sequence capable of 
modulafing expression of a nudeic add encoding a metal/othionein and/or activity of a 
metaliothionein is a nudeic add sequence encoding a metaliothionein, preferably as 
represented by SEQ ID NO: 1 or a portion thereof or by sequences capable of hybridising 
Iherewlth. 

25 15. Constmct according to daim 13 or 14. wherein said control sequences comprise at 
least a constitutive promoter, preferably a GOS2 promoter. 

16. Method for the production of a transgenic plant having modified growth characteristics, 
which method comprises: 

30 (0 introdudng into a plant or plant cell a nudeic add sequence or a portion thereof 

encoding a metaHothionein or a homologue, derivative or active fragment thereof; 
(11) cultivating the plant cell under conditions promoting regeneration and mature 

plant growth. 

35 17. Transgenic plant having modified growth chaiaderistics, characterised in that said 
plant has modulaied expression in a plant of a nudeic add sequence encoding a 
m^llothionein and/or modulated activity in a plant of a metaliothionein. 
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18* Transgenic plant according to daim 17, wherein said plant is a monocotyledonous 
plant, further preferably a cereal, most preferably a plant selected from nca. maize, wheat, 
barley, soybean, sunflower, canola, sugarcane, alfalfa, millet, barley, rapeseed and cotton. 

5 

19. Use of a nudeio add sequence encoding a metallothionein and homologu^. 
derivatives and active A^agments thereof In modifying the growth characterietics of plants, 
preferably in inoeaslng yield, fUrBier preferably seed yield. 

10 20. Use of a metallothionein and homologues, dertvafives and active ftagments thereof in 
modHying the growth characteristics of plants. 

21. A composition comprising a protein represented by SEQ ID NO 2 or a homologue, 
derivativs or active fragment thereof for the use as a growth regulator. 

15 

22. Use of a nudeio add sequence as represented by SEQ ID NO: 1 or a portion thereof or 
a sequence represented by SEQ ID NO: 2 or homologues, derivatives and active fragnients 
thereof as targets for an agrochemical compound, such as a herfaidde or a growth sffmulator. 

20 
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Plants having modified growth characteristics and method for 

making the same 

S The present Invention concerns a method tor modifying the growth characterisfics of plants by 
modulating expression In a plant of a nucleic add sequmce encoding a metallothlonein and/or 
modulating activity In a plant of a metallothlonein. The invention also relates to transgenic 
plants having modified growth characteristics, which plants have modulated expression of a 
nucleic add encoding a metallothlonein. 
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CDS1585 



T1 -T2 — 




p3372 

2507 bp 




'KMr 




FIGURE 1 

CDS1585 
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SEQ XD NO 1: AtM!P2a (CDS1585) coding seqaence (siraxt: axidi stop 
in bold) 



ttttcattcataaatttttcttcaatttgaattttctcgagaaaaatgtcttgctgtggagg 
aaactgcggatgtggatctggctgcaagtgcggcaacggttgtggaggttgcaaaatgtacc 
ctgacttgggahtctccggcgagacaaccacaactgagacttttgtcttgggcgttgcaccg 
gcgatgaagaatcagtacgaggcttcaggggagagtaacaacgctgagaacgatgcttgcaa 
gtgtggatctgactgcaagtgtgatccttgcacctgcaagtgaagaagcctttttaaataag 
cagagataatcgagtctctttaatta 

SEQ XD xro 2: Ati^2a (CDdl585) deduced protexn sequence 

MSCCGGNCGCGSGCKCGNGCGGCKMYPDLGFSGETTTTETFVLGVaPAMKNQYBM 
ENDACKCGSDCKCDPCTCK 



ID NO 3: A. tfaaiiaaa AtMSE-l cSDMA, stairt and stop codon in 
bold, 

cattcataaatttttcttcaatttgaattttctcgagaaaaatgtcttgctgtggaggaaac 
tgcggatgtggatctggctgcaagtgcggcaacggttgtggaggttgcaaaatgtaccctga 
cttgggattctccggcgagacaaccacaactgagacttttgtcttgggcgttgcaccggcga 
tgaagaatcagtacgaggcttcaggggagagtaacaacgctgagagcgatgcttgcaagtgt 
ggatctgactgcaagtgtgatccttgcacctgcaagtflraagaagcctttttaaataagcaga 
gataatcgagtctctttaatntaattaagttattcaataagtaaaccatatataggatggtg 
tttttaggtttggtttatgtgtaataatggcttcagcttatcttttagccgatcattgtctt 
ttgtgtttgttttgatcatatcttttagatgtctagcaaatctgccatgtgatgagtttgta 
cttccagtggaatgataataatattatagttttaaatcaaaaaaaaaaa 

SEQ ID NO 4: A. thalinrfn AtACT-l deducciul protoin seqaence 

MSCCGGNCGCGSGCKCGNGCGGCKMYPDLGFSGETTTTETFVLGVAPAMKNQYEASGESNNA 
BSDACKCGSDCKCDPCTCK 



SEQ ID HQ 5; p3na03240 

GGGGACAAGTTTGTACWiAAAAGCAGGCTTCACAATGTCTTGCTGTGGAGG;^ 
SBQ XD NO 6: pniL03241 

GGGGACCACTTTGTACAAeAAAGCTGGSTTTCACTTGCAGGTGCAAG 
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